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a c h i e v e  e a r l y  p rac t i ca l  a p p l i c a t i o n  of t h e  i n v e n t i o n .  
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Origin of the Invention 

United States Government and may be manufactured and used by or for  
5 the Government fo r  governmental purposes without the payment of any 

royal t i e s  thereon or therefor. 

The invention described herein was made by an employee o f  the 

Field of the Invention 
This invention relates t o  infusion extraction machines, and  more 

particularly t o  a n  apparatus for supplying solvent under pressure for  
10 use as an infusion extraction machine. 

A common example of an  infusion extraction machine i s  a coffee- 
brewing machine, bu t  i t s  use i s  n o t  limited thereto. Of particular 
importance in the application as a coffee-brewing machine i s  the 
special case of a coffee brewing machine for  space applications where 

15 the beneficial use of gravity forces i s  n o t  available. Other examples 
include use i n  obtaining natural flavorings (aroma and t a s t e )  from 
vegetabie piants,  the extraction o f  essences fiijiii spices,  vegetable 
o i l s ,  as well as food products (such as sugar froni bee ts ) ,  and  the 
recovery of pharmaceutical products from plant roots, stems a n d  

20 leaves. The invention i s  also useful as a supercrit ical  f l u id  extrac- 
tor a n d  as a pressure fermenter or digester. Any f lu id  capable of 

acting as a solvent may be used. 
Background o f  the Invention 

Infusion extraction (also called "leaching", "washing extract-  
25 i o n " ,  "diffusional extraction", and "solvent extraction") i s  t h e  
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preferential solution of one or  more constituents of a solid mixture 

by contac t  with a f luid solvent. As used in th i s  application, i t  may 
a lso include the washing or carrying away o f  constituents from the 
surface of insoluble material and ,  in addition t o  physical solution, 
per se,  i t  may include physical dissolution o r  dissolution by chemical 
reaction a n d ,  additionally, includes the release of volat i les  and 
aromatics from b o t h  soluble and insoluble matter by physical and  or 
chemical action of the solvent. While the term ''solvent'' i s  used 
t h r o u g h o u t  t h i s  application i t  i s  t o  be understood t h a t ,  depending on 

10 the process a n d  the infusible material being extracted, the term may 
apply n o t  only t o  water b u t  also to  steam, ethyl and  isopropyl 
alcohol , petroleum n a p t h a s ,  hexane, trichlorethylene, acetone, 
perchlorothylene, chlorinated hydrocarbons, and other solvents used in 
t h e  various extraction processes and ,  in addition, the term "solvent" 

15 as used in t h i s  application i s  not limited t o  solely the dissolving 
properties of a f luid b u t  includes also any other f lu id  properties, 
physical o r  chemical, useful in infusion extraction such as ,  for  
example the .physical washing o f  constituents by the f lu id  as well as 
esmotic mass t ransfer  across membranes. 

of:  reducing the s ize  o f  particles o f  the infusible material, 
infusion extraction o f  the infusible material with a solvent, and  
separating the resulting extract a n d  extraction residue. 

5 

20 Infusion extraction processes usually involve the general steps 

Successful infusion extraction processes involve appropriate 
25 preparation of the solid infusible material prior to  the infusion. 

Since in some cases small particles of the soluble material are 
surrounded by a matrix of insoluble-matter, the solvent must diffuse 
(as  by osmosis) into the mass o f  material and the result ing solution 
o r  extract  must diffuse o u t .  

30 will greatly accelerate the action. Vegetable and animal bodies are 
ce l lu la r  in s t ructure ,  and  t h e  natural products t o  be extracted from 
these materials are usually found inside the ce l l s .  Grinding, 
crushing, o r  rnlling t o  var ious  s izes  are  sometimes useful i n  r u p t u r -  
ing the cell  walls a n d  thus exposing the material t o  be dissolved o r  

35 washed in the extraction process. Different "grinds" of coffee, have 
been found preferable for  different brewing processes. 

Crushing and g r i n d i n g  of such sol ids  

Grinding, 
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however, hastens vo la t i l i t y .  Ground coffee, for  example begins t o  
lose freshness when exposed to the a i r  because o f  oxidation o f  the 
chemical ingredients t h a t  provide the flavor a n d  aroma. The vacuum 
p a c k i n g  of coffee a f t e r  grinding has, therefore, been practiced f o r  

5 many years. The t lavor and fragrance industry u t i l i zes  the extracts 
and  d i s t i l l a t e s  of many na tu ra l  products (flowers, leaves, stems, 
roots,  f r u i t s ,  e t c . ) .  These serve as key ingredients f o r  the 
preparation of compounded flavors and  fragrances. A problem facing 
aromatic extract  producers i s  t h a t  many of the more important aromatic 

10 components of natural products are quite volat i le  and exis t  in 
extremely small concentrations i . e . ,  parts per million and even p a r t s  
per b i l l ion  (Teraniski, e t  a l ,  " F l a v o r  Research, Principles and 
Techniques", Marcel1 Dekker, Inc., 1971, p.39). An extraction process 
wherein the infusible material remains hermetically sealed prior t o  

15 and  during extraction would, therefore, be advantageous. 
Some ground material, e.g., coffee, swells when i t  absorbs liquid 

slowing the percolation of gravity-fed devices and  i f  pressure i s  used 
t o  force liquid- through the ground matter i t  i s  thereby compacted, 

Preferred routes, "tunnels" or  
"channels", may even be formed i n  the b a t c h  when water i s  allowed or 
forced tc flow through the batch without agitation. I n  preferred 
routes o r  channels, a disproportionate amount o f  the liquid passes 
through the channels and  the soluble constituents are leached from the 
par t ic les  adjacent t o  the channel depleting them ear ly ,  a n d  l iquid 

25 l a t e r  passing through the channels thus does not extract  as much, 
while s t i l l  other par t ic les  n o t  adjacent t o  channels remain v i r tua l ly  
unleached ( i  .e. ,  there i s  no uniformity of contact between solvent a n d  
infusible material) .  T h a t  i s ,  devices which pass solvent th rough  the 
b a t c h  of infusible material negate the well known bmef i t s  of 

30 "agitation." Therefore, mixing liquid solvent and inftisible solid 
material in a receptacle so t h a t  infusible material i s  suspended in 
th i s  solvent, and then withdrawing the liquid extract  may be 
preferable t o  forcing l iquid through the infusible material. I t  would 
thus be advantageous to  allow solvent t o  be moved into infusible 

35 material, agitating i t  and  suspending i t  in the solvent, and thereby 
assuring more uniform contact with, and  infusion extraction by, the 
sol vent. 

++us even further reducing flow rates .  
20 
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J t  i s  well known t h a t  relatively higher temperatiires sometimes 
accelerate the infusion extraction process a n d  gerieral ly the higher 
the temperature the f a s t e r  and more ccmplete the process a i d  t h e  

higher the concentration of t h e  extract .  
among other things, t o  lower viscosity when a l iquia solvent i s  used. 
However, i t  i s  possible t o  get temperatures t o o  high fo r  the 
particulzrr infusion material, sucjzr beets for  example, yield 
undesirable solutes or cause chemical aeterioration of the product i f  
processed a t  t o o  h i g h  a temperature. 

10 p roduc t  there i s  an optimum temperature or Lemperature range. FGr 
example, the non-profit Coffee Brewing Ins t i tu te ,  Inc.  of the Pan 
American Coffee Bureau, h a s  recommended 195°F ? 5 O F  as the optimum 
water tempemture f o r  brewing coffee. I t  i s  desirable therefore, t o  
permit close temperature control of the solvent-infusible material 

The increased rate  1 s  due, 
5 

I n  other woras, for  any given 

15 mixture. 
Another important parameter of the infusion extraction process i s  

the "steep" time or  length of time the solvent i s  iiiaintained i n  
contact with the infusible material. I n  the case of coffee and tea ,  
f o r  example, t o o  long a contact time resul ts  in a beverage which i s  

20 t o o  strGng and  b i t t e r ,  whereas t o o  short a contact time yields a weak 
drink. The time of infusion i s  c r i t i ca l  for  other products as well, 
and the time of percolation due t o  gravity,  since i t  i s  dependent on a 
number of factors (p6rt ic le  s i ze ,  geometric configuration of 
container, e t c . )  may be t o o  long or too short f o r  the optimum infusion 

25 extraction in s ptirticular process. Spices, f o r  example, are derived 
from various parts of plants; leaf ,  flower, f r u i t ,  and  barks and  while 
some are used in the i r  natural s t a t e  (h f t e r  drying and  gripdifig), 
there i s  quite a market fo r  spice extracts (generally oleoresins).  
The oleoresins are usually separated by use o f  a solvent i n  infusion 

30 extractions and  usually by gravity percolation of  solvent t h r o u g h  the 
g round  sol id .  Various solvents may be used depending on the 
particular spice. Time of c o n t a c t  w i t h  solvent i s  a sensit ive 
parameter determining n o t  only the concentration of the extract  b u t  

i t s  composition as well, the solubili ty of some constituents depending 
35 on time of contact with the solvent as well as i t s  temperature. The 

rate  a t  which infusion extraction takes place depends on a number of 

* ,  
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v a r i a b l e s  of  which incomple te  kmwledqe i s  a v a i l a b l e  a t  t .h is  t ime. The 

washing of  a s o l u t i o n  f r o n  the su r face  o f  imperv ious s o l i d  p a r t i c l e s  
may be expected t o  be very  r a p i d ,  r e q u i r i c g  o n l y  t h e  m i x i n g  o f  

i n f u s i b l e  m a t e r i a l  and s o l v e r t ,  whereas, l each ing  o f  a s o l u t e  f rom t h e  

5 i n t e r n a l  p a r t s  of a s o l i d  w i l l  be r e l a t i v e l y  slow. The r a t e  o f  

d i a l y s i s  o r  osmosis, d i s s o l v i n g  o f  s o l u t e  f rom m a t r i x  o f  i n s o l u b l e  

ma t te r ,  and r a t e  of  chemical r e a c t i o n  e t c .  w i l l  a l l  d i f f e r  f o r  

d i f f e r e n t  processes. I t  i s  w e l l  known, f o r  example, t h a t  t h e  

p r o p e r t i e s  o f  soybean o i l  d i f f e r  depending on t h e  r e l a t i v e l y  l o n g e r  o r  

s h o r t e r  l e a c h i n g  t imes u t i  1 ized.  (Treyba l  , "Mass-Transfer Operat ions" ,  

McGraw-Hil l ,  1955, p628). The t ime r e q u i r e d  f o r  p e r c o l a t i o n  of a 

l i q u i d  th rough a ground s o l i d  depends, o f  course, on such t h i n g s  as 
t h e  p a r t i c u l a r  s o l i d  and l i q u i d  and t h e  p a r t i c l e  s i z e  and s i z e  o f  t h e  

batch,  b u t  f o r  a g i v e n  ba tch  and so l ven t ,  t h e  s teep o r  c o n t a c t  t i m e  

15 d u r i n g  p e r c o l a t i o n  i s  o f  r e l a t i v e l y  f i x e d  du ra t i on .  I t  i s  d e s i r a b l e  

t h e r e f o r e ,  t o  f a c i l i t a t e  c lose  c o n t r o l  ove r  t h e  t ime  o f  c o n t a c t  of 

s o l v e n t  w i t h  i n f u s i b l e  m a t e r i a l .  

10 

. ' -  The a b i l i t y  t o  va ry  t h e  pressure o f  t h e  s o l v e n t / i n f u s i b l e  
m a t e r i a l  m i x t u r e  may be advantageous f o r  o b t a i n i n g  b e n e f i c i a l  r e s u l t s ,  

20 f o r  example, t o  a s s i s t  i n  b reak ing  c e l l  w a l l s  o f  i n f u s i o n  m a t e r i a l .  

A lso,  p r e s s u r i z i n g  t h e  so l ven t /ba tch  m i x t u r e  fo l l owed  by a vacuum 

removal o f  t h e  e x t r a c t  may f a c i l i t a t e  c o l l e c t i o n  o f  v o l a t i l e s  n o t  

o the rw ise  re leased.  I t i s  advantageous t o  p rov ide  the  c a p a b i l i t y  t o  

app ly  and c o n t r o l  a d e s i r e d  pressure t o  a i d  t h e  i n f u s i o n  e x t r a c t i o n  

It i s  apparent, t h e r e f o r e ,  t h a t  a number o f  va r iab les ;  t y p e  of  

e;#. 

25 process. 

so l ven t ,  s teep t ime,  temperature, p ressure  and degree o f  a g i t a t i o n ;  

have a s i g n i f i c a n t  i n f l u e n c e  on n o t  o n l y  t h e  speed and e f f i c i e n c y  of 

t n e  e x t r a c t i o n  process b u t  a i s 0  on t h e  c o n s t i t u t i o n  o f  t n e  e x t r a c t  

30 i t s e l f .  The a b i l i t y  t o  vary each, o r  any combinat ion o f  these 

v a r i a b l e s  would be advantageous i n  a number o f  ways, f o r  example, 

exper imen ta t i on  on a smal l  sca le t o  determine t h e  optimum combina t ion  

o f  parameters f o r  e x t r a c t i o n  of a g i ven  i n f u s i b l e  m a t e r i a l  before 

s c a l i n g  up t o  produce i t  commercial ly. 
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Descriptign of  Related Art 
The movement of a solvent,  such as heated water, by use o f  a 

p i s t o n  through a chamber containing infusible  material i s  known. 
Coffee brewing devices eiiiploying t h i s  principle are  disclosed in 

5 numerous patents. 
Many such devices depend on the force of gravity acting on the 

solvent or  on weights bearing on the solvent t o  percolate o r  pressure 
percolate the solvent t h r o u g h  the infusible  material, f o r  example, 
U.S. Patent No. 3,804,635 t o  Weber. Others use compressed gasses or 

10 the force of the incoming resupply solvent fo r  pressure percolation, 
f o r  example, U.S. Patent No. 3,451,329, t o  Herrera; 3,120,170, t o  
Garte; a n d  3,583,308 t o  Williams. U.S. Patent No. 3,565,641 t o  King 
employs a piston t o  force solvent through the infusible material and 

uses a i r  t o  ag i t a t e  solvent and infusible  material. U.S. P a t e n t  No. 

15 4,189,991 t o  Haddad uses intermittently applied pressure t o  attempt t o  
ag i t a t e  the solvent and infusible material mixture. 

All of the above patents disclose devices f o r  moving solvent 
through the infusible  material, a n d  while one of them, U.S. Patent No. 
3,804,635 t o  Weber seeks t o  control the time of contact of solvent 

20 w i t h  infusible material by controlling the r a t e  a t  which the solvent 
flows through the infusible  material, none of the above patents teach 
suspending the infusible material in the solvent and controlling 
d i r ec t ly  the contact time. Furthermore, none disclose returning the 
ex t rac t  t o  the f i r s t  chamber following i t s  separation from the i n -  

25 fusion residue and none teach preservation o f  the vo la t i l e s  before, 
during and a f t e r  extraction. 

Summary of the Invention 

extraction of essent ia l  o r  desired ingredients of a n  infusible  
The present invention presents a new a n d  improved device f o r  the 

30 material without loss  of the vola t i le  constituents thereof. 
I t  i s  an object of t h i s  invention t o  provide a means and method 

I t  i s  another object of th i s  invention t o  provide a means o r  
f o r  operation i n  a low or micro-gravity environment. 

method of infusion extraction wherein the infusible  material and the 
35 ex t rac t  therefrom remain hermetically sealed prior t o ,  d u r i n g  and  

a f t e r  extraction. 
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I t  i s  another  o b j e c t  o f  t h i s  i n v e n t i o n  t o  p rov ide  a means and 

method f o r  suspending t h e  i n f u s i b l e  m a t e r i a l  i n  a so l ven t  and a g i t a -  
t i n g  i t  f o r  more un i fo rm contac t  therebetween. 

I t  i s  an o b j e c t  a l s o  o f  t h i s  i n v e n t i o n  t o  p rov ide  a means and 

method of c l o s e l y  c o n t r o l l i n g  the temperature o f  t h e  s o l v e n t - i n f u s i b l e  
m a t e r i a l  m ix tu re .  

5 

I t  i s  s t i l l  another  o b j e c t  o f  t h i s  i n v e n t i o n  t o  p rov ide  a means 
and method t o  f a c i l i t a t e  c lose  c o n t r o l  over  t h e  t ime o f  c o n t a c t  o f  
s o l v e n t  w i t h  i n f u s i b l e  m a t e r i a l ,  and t o  p r o v i d e  a means and method t o  

10 app ly  ana c o n t r o l  t h e  pressure of t h e  s o l v e n t - i n f u s i b l e  m a t e r i a l  

m i  x t u  r e .  

A s o l v e n t  i s  drawn i n t o  a f i r s t  chamber by  a p i s t o n  d isposed 

t h e r e i n  and where in t h e  so l ven t  may be heated. The p i s t o n  coopera t i ng  

w i t h  a p p r o p r i a t e  v a l v i n g  i s  ope ra t i ve  t o  move t h e  s o l v e n t  under 

15 p ressure  i n t o  a second chamber where in t h e  i n f u s i b l e  m a t e r i a l  i s  

suspended i n  t h e  so l ven t .  The t ime o f  c o n t a c t  o f  s o l v e n t  and i n f u s i b l e  

m a t e r i a l  i s  d i r e c t l y  c o n t r o l l a b l e  by a t i m e l y  reve rse  a c t u a t i o n  o f  t h e  

p i s t o n ,  separa t i ng  t h e  e x t r a c t  and e x t r a c t i o n  res idue  (as by  a f i l t e r )  

and drawing t h e  e x t r a c t  back i n t o  t h e  f i r s t  chamber where i t s  tempera- 
-. r, 

20 t u r e  may be c o n t r o l l e d .  

The system i s  comple te ly  enclosed and h e l d  under pressure.  As a 

r e s u l t ,  d u r i n g  e x t r a c t i o n ,  t he  v o l a t i l e s  a re  contained. Upon reve rse  

o p e r a t i o n  o f  t h e  p i s t o n ,  t h e  l i q u i d  e x t r a c t  and v o l a t i l e s  t r a n s f e r  t o  

t h e  f i r s t  chamber. Again, v o l a t i l e s  a re  conta ined i n  t h e  l i q u i d  and/or  

t h e  head space. A t  t h e  same t ime, t h e  f i l t e r  removes (segregates)  t h e  

i n f u s i b l e  m a t e r i a l  e x t r a c t i o n  res idue.  c 

m a t e r i a l  u s i n g  f r e s h  s o l v e n t  a f t e r  removing t h e  f i r s t  e x t r a c t  f rom t h e  

upper chamber. I f  h o t  s o l v e n t  i s  employed, t h e  e x t r a c t  i n  t h e  f i r s t  

30 chamber can be cooled d i r e c t l y  and/or  sub jec ted  t o  p a r t i a l  vacuum 

b e f o r e  w i thdrawal  t he re f rom o r  va l ved  i n t o  a separate vesse l  under 

p a r t i a l  vacuum f o r  coo l i ng .  

One cou ld  a l s o  c o n t r o l  the s t r e n g t h  o f  t h e  e x t r a c t  by p a r t i a l l y  

removing e x t r a c t  o f  one s t r e n g t h  and r e p e a t i n g  t h e  o p e r a t i o n  one more 

25 

The dev ice  can be used t o  repea ted ly  e x t r a c t  t h e  i n f u s i b l e  

35 t ime  w i t h  t h e  remainder o r  add more f r e s h  s o l v e n t  t o  weaken i t .  
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Brief Description of  the Drawings 

Figure 2 i s  a cross sectional representation of infusion chamber in an 
a l ternate  embodiment. 

Figure 1 i s  a cross sectional representation o f  the invention. 

5 Description of ,Preferred Embodiment 
I n  Figure 1 i s  shown an  infusion extractor 10 configured a s  a 

zero gravity coffee or tea maker, including a f luid chamber 11 h a v i n g  
a piston 12  disposed therein and being encased in a thermostatically 
controlled heating element 13 suitably insulated f o r  controlling the 

10 temperature of i t s  contents. Fluid chamber 11 i s  connected by a 
diverter valve arrangement 1 4 ,  such as a three-way valve, t o  a f lu id  
feed and dispense l ine  16 whereby fresh solvent 18, i n  t h i s  case 
water, may enter the f luid chamber 11 and also whereby a f t e r  
extraction, the extract  may be dispensed. 

15 A t ransfer  tube 15 connects the f lu id  chamber 11 with a n  infusion 
chamber 20, wherein, in t h i s  embodiment, a f lexible  bladder 24 i s  
disposed and fur ther  within which, the infusible material, here ground 
coffee, i s  enclosed. Infusion chamber 20 i s  provided with a vent 25 t o  
f a c i l i t a t e  expansion/collapse o f  the bladder 24 and i t s  contents. 

20 Intermediate of the f luid chamber 11 a n d  the infusion chamber 20 
and  through which an intercommunicating f lu id  must pass, are  disposed 
a f i r s t  or upper perforated screen 21 ,  a f i l t e r  22 ,  and a second or 
lower perforated screen 23 so arranged t h a t  the screens 21 and 23 
position and support the f i l t e r  22 against force exerted by pressure 
of any f luid passing from fluid chaqber 11 t o  infusion chamber 20 and 

vice versa. 

actuation of piston 1 2 ,  solvent 18 i s  drawn into chamber 11 from feed 
l ine  16 which i s  connected t o  a source of solvent supply. Piston 12 

30 may be actuated u p  or down o r  t o  an intermediate position, depending 
on desired charge s ize ,  by hand or by any e l ec t r i ca l ,  mechanical, 
hydraulic, pneumatic or other suitable actuator 19 ,  under e i ther  
manual o r  automatic control. Solvent 18 i s  heated t o  the desired 
temperature by a heating element 13 disposed within or adjacent the 
f lu id  chamber 12 .  Temperature of solvent 18 in the f luid chamber 11 

-4 

25 

As shown in Figure 1, valve 14 may be positioned such tha t  upon 

35 
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may be c o n t r o l l e d  b j  any s u i t a b l e  e l e c t r i c a l ,  mechanical o r  

e lect romechanica l  method such as thermostats ,  t in ied h e a t i n g  c y c l e s  o r  

temperature gage observa t ions .  

temperature,  v a l v e  14 i s  p o s i t i o n e d  and p i s t o n  12 i s  ac tua ted  so as t o  
i n c r e a s e  t h e  pressure i n  f l u i d  chamber 11 and thus t o  move t h e  

r e q u i s i t e  s i z e  charge of t h e  heated s o l v e n t  through t h e  p e r f o r a t e d  

screens 21, 23 and f i l t e r  22 and i n t o  t h e  b ladder  24 o f  i n f u s i o n  

chamber 20 c o n t a i n i n g  t h e  f i r s t  b a t c h  o f  i n f u s i b l e  m a t e r i a l  30. The 
10 e l a s t i c  r e s i s t a n c e  of t h e  b ladder  24, due t o  i t s  composi t ion,  s ize ,  

t h i c k n e s s  and c o n f i g u r a t i o n  i s  such as t o  e x e r t  a pressure on t h e  

s o l v e n t - i n f u s i b l e  m a t e r i a l  m i x t u r e  31, amount o f  s a i d  p ressure  

depending on t h e  s i z e  of t h e  charge o r  q u a n t i t y  o f  s o l v e n t  18 pumped 

i n t o  a g i v e n  s i z e  b l a d d e r  24. The s o l v e n t - i n f u s i b l e  m a t e r i a l  m i x t u r e  

31, i s  a l lowed t o  s teep o r  soak f o r  a p r e s c r i b e d  p e r i o d  o f  t ime. 
A f t e r  t h e  p r e s c r i b e d  steep t i m e  f o r  t h e  p a r t i c u l a r  i n f u s i b l e  

m a t e r i a l  , so lvent ,  and e x t r a c t  o b j e c t i v e s ,  t h e  v a l v e  14 i s  p o s i t i o n e d  

and t h e  p i s t o n  12 i s  ac tua ted  so as t o  separate t h e  e x t r a c t  32 f r o m  

t h e  r e s u l t a n t  e x t r a c t i o n  res idue 33 by reduc ing  t h e  pressure i n  t h e  

2 0  f l u i d  chamber 11 and thus drawing t h e  e x t r a c t  through t h e  p e r f o r a t e d  

screens 21, 23 and f i l t e r  22 back i n t o  f l u i d  chamber 11 where i t s  

temperature may be c o n t r o l l e d  (heated o r  mainta ined,  i n  t h e  s p e c i f i c  

embodiment) as requ i red .  For some e x t r a c t i o n s  i t  may be advantageous 

t o  reduce t h e  pressure on t h e  e x t r a c t  once i t  i s  conta ined i n  f l u i d  

25 chamber 11. Th is  may be accomplished q u i t e  r e a d i l y  i n  t h e  present  

i n v e n t i o n  by c l o s i n g  v a l v e  14  and - moving p i s t o n  12 up t o  reduce 

pressure  i n  f l u i d  chamber 11. 

Once s o l v e n t  18 has a t t a i n e d  t h e  predetermined d e s i r e d  

5 

15 

- .  

A f t e r  d e s i r e d  temperature o f  e x t r a c t  32 has been achieved, v a l v e  
14 i s  p o s i t i o n e d  ana p i s t o n  i 2  i s  ac tua ted  io dibpense e x t r a c t  th rough 

feed/dispense l i n e  16 f o r  use o r  f u r t h e r  process ing.  

i n f u s i o n  chamber 20 may be, by a p p r o p r i a t e  v a l v i n g  ( n o t  shown), made 

d i r e c t l y  i n t o  t h e  i n f u s i b l e  m a t e r i a l  r a t h e r  than through p e r f o r a t e d  

screens 21, 2 3  and f i l t e r  22 i f  f i l t r a t i o n  i s  n o t  r e q u i r e d  a t  t h i s  

35 s tage ( a s  i s  the  case i n  l a t e r  removing e x t r a c t  32 f rom e x t r a c t i o n  

r e s i d u e  3 3 ) .  

30 
I n  an a l t e r n a t e  embodiment, passage of  t h e  s o l v e n t  18 i n t o  t h e  
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I t  i s  t o  be understood that heating of solvent (water) i s  
normally required in coffee/tea making b u t  cooling of solvent, 
extract ,  or solvent-infusible material combination t o  a desired 
temperature could a s  readily be accomplished by t h i s  invention. 

sealed pressure vessel wherein the infusible material , rather t h a n  
being enclosed in a bladder, may be held in place by a screen basket 
(29 in Figure 2 ) ,  porous b a g  or similar arrangement and wherein the 
solvent may contact the infusible material under pressure. 

perforated screens 21,  23 may be replaced by a porous bag or similar 
arrangement which contains the infusible material and infusion residue 
within the infusion chamber as solvent i s  injected and extract  i s  
w i t h d r a w n .  

5 I n  another a l ternat ive embodiment, infusion chamber 20 i s  a 

10 In  a fur ther  a l ternat ive embodiment the f i l t e r  22 and supporting 

15 I t  should be noted t h a t  t h e  common f luid feed and dispense l ine  
16 as well as the s l ide  valve 14 shown in Fig. 1 are i l l u s t r a t ive  of 
the specific embodiment only.  Separate feed and dispense l ines  and  
other forms of multiple action valves or separate valves are  also 
within the purview of the invention. 

valuable flavor a n d  fragrance extracts are “cold pressed” since heat 
e i ther  destroys certain aromatic constituents or extracts components 
deemed undesirable. The invention could be used as an e f f i c i en t  and 
less  destructive a p p a r a t u s  f o r  preparing extracts of del icate  aromatic 

25 plants. The device could also be used t o  extract  aromatic components 
from animal organs, glands, a n d  t issues ,  - (e.g., musk). 

The infusion extractor could as well be useful as a supercrit ical  
f lu id  extractor a n d  as a pressure fermenter o r  digester. 

e. It 

20 Also, rather t h a n  employing a heated solvent, many of the more 

Certain gases (e.g. , carbon dioxide) display unique extractive 
30 properties when cooled a n d  compressed t o  supercrit ical  s ta te .  For 

example, supercri t i ca l  carbon dioxide decaffeinates coffee without 
leaving a solvent residue. After extraction, the coffee i s  vetted and  
the carbon dioxide escapes t o  the atmosphere. Similarly, supercrit ical  
f luids  can be used t o  remove the  oxidized fraction of cooking/frying 
o i l s  and f o r  a number o f  other applications. 

pressure necessary t o  par t ia l ly  create supercrit ical  conditions. 

35 
The infusion extractor incorporates a piston which creates the 
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Cooling i s  applied t o  fu l ly  a t t a i n  supercrit ical  conditions. 

under moderate pressures i s  a rather recent innovation. The infusion 
extractor i s  capable of operating as a bio-reactor by applying the 

5 required pressure a n d  heating the lower chamber a t  thermophilic 
temperatures. The f i l t e r  i s  quite useful since i t  can separate ce l l s  
a t  the end o f  fermentation and present the fermentation media and  
end-products in a cel l - f ree  s ta te .  

The operation of fermentation units a t  elevated temperatures and  
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The i n v e n t i o n  i s  an apparatus and method f o r  e x t r a c t i n g  t h e  d e s i r a b l e  
c o n s t i t u e n t s  f rom an i n f u s i b l e  m a t e r i a l  by t h e  process o f  i n f u s i o n  
e x t r a c t i o n .  
dev ice ,  b u t  i t s  use i s  n o t  so l i m i t e d .  O f  p a r t i c u l a r  s i g n i f i c a n c e  i n  t h e  
c o f f e e  brewing  a p p l i c a t i o n  i s  t h e  spec ia l  case o f  a c o f f e e  brewing dev ice  
f o r  space a p p l i c a t i o n s  where t h e  b e n e f i c i a l  use o f  g r a v i t y  forces i s  n o t  
a v a i l a b l e .  

A common example o f  an i n f u s i o n  e x t r a c t o r  i s  a co f fee  brewing 

A p i s t o n  o p e r a t i n g  i n  a f i r s t  chamber draws a so l ven t  i n t o  t h e  f i r s t  
chamber where i t  may be heated, and then moves t h e  heated s o l v e n t  by 
a p p r o p r i a t e  v a l v i n g  i n t o  a second chamber c o n t a i n i n g  t h e  i n f u s i b l e  
m a t e r i a l ,  and where i n f u s i o n  e x t r a c t i o n  takes place. 
used t o  move t h e  s o l v e n t  and e x t r a c t  through a f i l t e r  i n t o  t h e  f i r s t  
chamber, l e a v i n g  t h e  e x t r a c t i o n  res idue i n  t h e  second chamber. 

The p i s t o n  i s  then 

The n o v e l t y  l i e s  i n  t h e  c a p a b i l i t y  t o  cont inuous ly  c o n t r o l ,  under hermet ic  
c o n d i t i o n s ,  t h e  s teep t ime,  pressure,  and temperature o f  bo th  s o l v e n t  and 
e x t r a c t .  
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Apparatus a n d  method of removing desirable constituents from a n  
infusible material by infusion extraction, where a piston operating in 

5 a f i r s t  chamber draws a solvent into the f i r s t  chamber where i t  may be 
heated, a n d  then moves the heated solvent into a second chamber 
containing the infusible material, a n d  where infusion extraction takes 
place. The piston then moves the solvent containing the extract  
t h r o u g h  a f i l t e r  into the f i r s t  chamber, leaving the extraction 

10 residue in the second chamber. 


